ABSTRACT: For the design of acid gas treating processes, vapor-liquid equilibrium (VLE) data must be available of the solvents to be applied. In this study the vapor pressures of seven frequently industrially used alkanolamines (diethanolamine, Nmethylethanolamine, N,N-dimethylethanolamine, N,N-diethylethanolamine, diisopropanol-amine, 2-(2-aminoethoxy)ethanol, 2-amino-2-methyl-1-propanol) were measured in an ebulliometer. The VLE experiments were carried out at presssures between (1 and 400) kPa and at a maximum temperature of 453 K. The experimental data can be used to improve the thermodynamic models in gas treating processes and to determine the amine losses in the absorber and desorber.
' INTRODUCTION
Aqueous solutions of alkanolamines are commonly used in the industry to remove acidic gases, primarily CO 2 and/or H 2 S, from industrial gas streams, like natural gas and flue gas. Accurate experimental vapor-liquid equilibrium (VLE) data are important parameters for the development of these gas treating processes. These experimental VLE data are required to regress the thermodynamic models used in process simulators for gas treating processes. In open literature, vapor pressure data of several commonly used alkanolamines are limited or even not available at all. In this paper, new vapor pressure data as determined in an ebulliometer are presented and compared with literature data, if possible.
' EXPERIMENTAL SECTION Materials. All chemicals used in this work were provided by Sigma Aldrich and Acros Organics and used without further purification. Detailed information on these chemicals can be found in Table 1 .
Experimental Apparatus. The vapor pressure measurements were carried out in a modified Swietoslawski ebulliometer, which is described in detail by Rogalski and Malanowski. 1 In this work, an all-glass Fischer-Labodest apparatus was used and this setup can at present be used between pressures from (1 to 400) kPa and a maximum temperature of 453 K. The operation procedure is based on the principle of the "circulation method". A schematic diagram of the apparatus is presented in Figure 1 .
During a typical experiment, about 75 mL of solvent was initially placed gravimetrically in the ebulliometer. The pressure controller was set to the required value, and the liquid was heated by the submerged electrical heater (1) and partially evaporated. VLE is established inside the separation chamber (4) . The equilibrium vapor is condensed and completely mixed with the liquid phase by flow turbulence (8) (9) . Both the circulated liquid and the condensed vapor are routed back to the heater to complete the normal circulation. Samples could be taken from both the liquid (7) as the condensed vapor phase (6) . However, these sampling points were not used in this work, because only pure components were tested. The pressure of the system was adjusted accurately with a combination of a vacuum pump and nitrogen supply. The temperature during the VLE experiments was detected with a precision of 0.1 K. The precision of the measurement of vapor pressure is estimated to be 0.5 % for the low pressure data (1 < P < 50 kPa) and 0.2 % for the high pressure data (50 < P < 400 kPa).
' RESULTS Validation Experiments. To test and validate the experimental setup, several validation experiments have been carried out with pure water and pure MEA. For these two components sufficient data is available in open literature for data comparison. The vapor pressure of water is studied very extensively, and scatter in the water vapor pressure is very limited. Accurate data for the water vapor pressure can be found at the National Institute of Standards and Technology (NIST) Web site. 2 In Table 2 the vapor pressure of water at different temperatures as determined in this work is compared with data from literature. 2 Results from numerous studies of the vapor pressure of pure MEA have been reported in the open literature. Different experimental methods have been used to obtain the MEA vapor pressure for a wide range of conditions. Therefore, the alkanolamine MEA was chosen for an additional validation of the apparatus used in this study. In Table 3 , the vapor pressure data of MEA as determined in this study are presented, and in Figure 2 a comparison with literature data is shown.
From Table 2 (water) and Figure 2 (MEA), it can be concluded that the VLE data determined during the above-described validation experiments are excellent in line with VLE data reported in open literature within the complete operating range of the VLE apparatus.
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ARTICLE ' EXPERIMENTAL RESULTS
In this section the new results of the (alkanolamine) vapor pressure experiments are presented and compared with available literature data. These vapor pressure data have been correlated with an Antoine correlation. The Antoine parameters for each alkanolamine are presented at the end of this section. ΔP represents the absolute error between the measured experimental value and the Antoine correlation.
Diethanolamine (DEA). In Table 4 , the measured VLE data of DEA are presented, and in Figure 3 
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ARTICLE at the measured temperature range. Only the VLE data presented by Danov et al. 7 are not in line with the other literature data and the new VLE data. These experimental data have not been used for the determination of the constants of the Antoine correlation.
N-Methylethanolamine (MMEA). Two different literature sources were found for MMEA, and the newly measured vapor pressure data as presented in Table 5 are good in line with VLE data obtained from literature (refer to Figure 4) . 
ARTICLE (Kapteina et al. 12 and Touhara et al. 13 ) were found, and both groups of authors measured the DMMEA vapor pressure only at low temperature up to 316 K. In this work new vapor pressure data were determined up to a temperature of 448 K as shown in Table 6 . The new obtained data showed a good agreement 
ARTICLE with the available low pressure data from literature (refer to Figure 5) . N,N-Diethylethanolamine (DEMEA). For DEMEA only one literature source was available within the range (1 to 400) kPa (Steele et al. 14 ) . New vapor pressure data were obtained as shown in Table 7 , and these data showed an excellent agreement with Steele et al.
14 over the entire range ( Figure 6 ).
Diisopropanolamine (DIPA).
No vapor pressure data for DIPA were reported in open literature, so the new obtained data as presented in Table 8 and Figure 7 could not be compared with other VLE data.
2-(2-Aminoethoxy)ethanol (DGA). Steele et al. 15 determined the vapor pressure of DGA between (390 and 516) K. The new obtained vapor pressure data for DGA are presented in Table 9 and compared with Steele et al. 15 in Figure 8 . The new data are in line with the data of Steele. 15 2-Amino-2-methyl-1-propanol (AMP). The vapor pressure of AMP was determined between (347 and 452) K, and the 
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ARTICLE results of these experiments are presented in Table 10 . These results were in good agreement with vapor pressure data reported in open literature (see Figure 9 : Pappa et al.; 16 Barreau et al.; 17 Belabbaci et al. 18 ).
Antoine Correlations. The vapor pressure data presented in this paper (new and existing) have been correlated with the following Antoine correlation:
• A, B, and C are component specific constants;
• T is the temperature in K;
• P is the vapor pressure in kPa. Nonlinear least-squares method is used to determine the several parameters of the Antoine correlation. In Table 11 the component specific Antoine constants, applicable temperature range, used references for parameter fitting, and number of used experimental data points are presented for each alkanolamine. In Figures 10 to 16 the relative errors of experimental values are given.
' CONCLUSION
In this work accurate vapor pressure (VLE) data of seven commercial used alkanolamines have been determined in an ebulliometer. The experiments have been carried out between vapor pressures of (1 and 400) kPa and a maximum temperature of 453 K. The setup and procedure were validated by determining the vapor pressure of water and MEA and compare these vapor pressure data 
